Abstract
Introduction
It is well established that intense or prolonged rainfall can trigger slope movements (Cannon and 3 Ellen 1985; Caine 1980; Croizer 1986 ). These processes predominately occur within steep 4 topography where intense or prolonged rainfall increases pore water pressures and decreases soil 5 cohesion in the subsurface, causing the driving forces to overcome resisting forces on a hillslope 6 and activate a landslide (Wieczorek 1996; Iverson 2000) . Understanding the distribution of mass 7 movement processes can be challenging as physically-based models require in situ knowledge of 8 the surface and subsurface conditions at local scales in order to quantify how rainfall intensity 9 and infiltration may trigger landslide events. In lieu of detailed surface information, research has 10 relied on statistical or empirical comparisons of rainfall events and landslides to characterize the 11 spatial and temporal distributions of mass movements at local or regional scales based on 14 evaluations is the availability of consistent precipitation information and landslide event data to 15 effectively characterize the spatiotemporal distribution of landslide occurrences as well as 16 validate these models, particularly over regional or global scales. 17 
18
A newly developed Global Landslide Catalog (GLC) represents the first database of its kind to 19 catalog all rapidly-moving, rainfall-triggered landslides within the recent past at the global scale 20 (Kirschbaum et al. 2009a ). The catalog currently contains five complete years of data (2003, 21 2007 -2010) with continued reporting to the present. Through evaluation of this GLC dataset, 22 we are able to extract information on the spatial and temporal frequency of landslide events at 23 the global scale. While the GLC has several limitations identified below, the catalog provides a 24 foundation for exploring where and when landslide-triggering extreme storms have occurred 1 over the globe and for characterizing hotspots for both landslides and extreme rainfall activity. 2 We compare the GLC with satellite precipitation data from the Tropical Rainfall Measuring 3 Mission (TRMM) Multi-Satellite Precipitation Analysis (TMPA), which offers a 13-year rainfall 4 product at sub-daily time scales from 50°N to 50°S and spatial uniformity over most landslide-5 prone regions. Upon completion of the rainfall-triggered landslide catalog for 2010 1 We identify three key areas where reported landslide activity has been fairly consistent points for other years in the record or the landslide reporting was deemed to be inconsistent.
16
Areas evaluated include the Northwest and Appalachian range within the United States, parts of
17
South America, the Philippines, Indonesia and Southeast Asia. study. While the TMPA product has known problems over orographically complex terrain due to 3 challenges in passive microwave rainfall retrievals, using the TMPA data allows for consistency 4 when computing monthly totals and daily extreme precipitation statistics over different regions.
6
The global anomalies for 2010 show above-average rainfall over the three study areas (Central 7 America, China, and the Himalayan arc) for 2010. However, to explore how the various time 8 scales and rainfall intensities are related to landslides events, we examine the distribution of both 9 monthly and extreme daily rainfall using three test metrics:
Monthly Rainfall Anomalies

12
The 2010 and other years' monthly rainfall totals were compared to the month climatology The Kolmogorov-Smirnov (K-S) test is then used to compare the probability distribution of the which covers an area of roughly 468,000 km 2 ( Fig. 2c,d ). previous years, and roughly twice as high for fatal landslides over the same time period.
11
The Q-Q plot shown in Fig. 5c 
China
19
The test area within central-eastern China contains 810 TRMM pixels (approximately 512,700 20 km 2 ) and 34 landslides (Fig. 2c,d ). Fig. 6a displays a pronounced peak in the 2010 monthly totals 21 for July and August, which is consistent with the peak in landslides during the same months (Fig.   22 6b Establishing direct correlations between these two products in terms of how they co-vary over 10 space and time is complicated due to incomplete data records. This work will continue to 11 improve upon the existing GLC in order to amass a more robust record of landslide events and
12
accurately link rainfall patterns with landslide triggering events.
14
From this analysis, we determine that there is a clearly observable increase in rainfall-triggered inventory. In addition to the increase in anomalous rainfall-triggered events observed over the 21 three study regions in 2010, the increased number of events may also partially be a result of of landslide report data we may be able to classify geographic biases in the GLC. The precipitation anomalies shown in Fig. 3 continues to increase, it will provide more information to better quantify the regional reporting 21 biases inherent in this type of a catalog. be more closely associated with landslides, it is clear that the two rainfall statistics are related.
4
The middle and bottom panels show that both the monthly rainfall and exceedance index are 5 correlated to landslides, but that there is significant noise. In very approximate terms, a doubling 
Conclusions
16
One of the unique aspects of the GLC is that it provides the first openly available, global picture shown by year. Oceania. The boxes denote the three study areas evaluated in this paper: Central America,
10
Himalayan Arc, and central-eastern China. Circles denote landslides for 2010, + signs display 11 other years. The color denotes their moth of occurrence. Table 1 . value, if the null was rejected, and the confidence level for rejecting the null. shown by year. -hits‖ of the exceedance threshold. 
